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(57) Abstract: A monitoring device (1) for monitoring the electrical properties of a medium voltage overhead line (3) in a medium 
^ voltage network comprises three separate measurement sensors (2a, 2b, 2c). each being adapted for direct connection onto a medium 
^ voltage overiiead line. Each of the measurement sensors has means to draw operating power from the medium voltage overhead line. 
1^ The measurement sensors measured results may be combined for accurate measuement analysis. 
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A MONITORING DEVICE FOR A MEDIUM VOLTAGE OVERHEAD LINE 

This invention relates to a monitoring device for monitoring the electricai properties of 
a medium voltage overhead line in a medium voltage network, the monitoring device 
5 comprising means to measure the electrical properties of the medium voltage line 
and means to communicate the measured electrical properties to a control centre 
computer of the medium voltage network. 

Recently, deregulation of the electricity supply mari<et has led to increased 
10 competition between electricity providers. It is now quite common for companies and 
households to have a choice of several different electricity providers when deciding 
on an electricity provider to supply their electricity needs. This has led to competition 
between the different providers over a whole range of different issues including 
pricing and quality of supply. Electricity providers are now having to supply their 
15 customers with less expensive electricity while still guaranteeing the same or 
Improved quality of supply to their customers. In order to achieve these goals the 
electricity providers are having to improve the efficiency of their electricity networks. 
Furthermore, due to deregulation, network losses and interruption to electricity supply 
are now being penalised. 

20 

It has been found that even in highly developed countries, approximately 10% of all 
electricity generated is lost within the electricity networks themselves. This figure 
rises to almost 25% in less developed nations. One of the main reasons for this loss 
of power is the electricity provider's lack of laiowledge of the electricity flowing in their 

25 medium voltage networks. Faults can go undetected for long periods of time and 
once detected are often difficult to locate over an expansive medium voltage networi<. 
By increasing their knowledge of the electrical properties in their medium voltage 
networks by closely monitoring their networks, electricity providers can significantly 
reduce the amount of electricity lost in their medium voltage networks and make 

30 considerable savings in the cost of generating the electricity. Furthermore, by 
closely monitoring their networks electricity providers v\^ll be in a better position to 
correct faults in their networics quickly with a minimum of inconvenience to their 
customers, thereby providing an improved quality of supply to their customers. 
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Heretofore, several attempts have been made to provide a monitoring device that will 
enable the electricity provider to closely monitor their medium voltage networi<s in a 
simple and cost effective manner. Two different types of monitoring devices have 
been developed for this purpose, pole mounted devices and line mounted devices. 
5 Generally speaking, the pole mounted device is mounted on the pole supporting the 
electricity lines a fixed distance from the lines that It Is charged to monitor. Although 
simple to install, these devices are not entirely suitable due to the fact that it is 
extremely difficult to obtain an accurate reading of the electrical properties in the line 
when monitoring those properties from a distance. A key factor in the accuracy of 

10 the calculation of the electrical properties, when using off line or pole mounted 
sensors, is the geometry of the sensor device in relation to the line that it is 
attempting to measure. In this instance, geometry means the spatial distance 
between the conductors, and the distance from the line arrangement to the sensor. 
This geometry information is difficult to obtain, time consuming, costly, and once 

15 the geometry is set, is subject to changes from environmental conditions, i.e. 
temperature of the line, sag, wind movement and subsidence of the poles whereon 
the device is mounted. These devices are therefore relatively inaccurate devices 
that cannot provide the required accuracy for monitoring a Bne and hence the 
medium voltage network suffidently. 

20 

Line mounted devices are mounted directly onto the electrical line that must be 
measured. Although more difficult and expensive to install these allow for more 
accurate measurements of the electrical properties to be taken and more detailed 
monitoring of the line to be carried out. There are, however, problems associated 

25 with the laiown types of line mounted monitoring devices. By having a single device 
the calculations on the line that may be carried out are limited. Impending earth 
faults are not detected and real time line loading infomnation as well as reactive 
current information cannot be obtained from the single sensor. Furthermore, the 
ability to recognise reactive earth faults down to in the region of 1 Amp is not 

3 0 possible. Therefore, the required level of infonnation cannot be obtained by using the 
known types of monitoring devices. In addition, these de>^oes require an external 
power source such as eledrochemlcal cells, solar cells, or oonvenflonal electrical 
power supply. 
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It is an object therefore of the present invention to provide a monitoring device for 
monitoring the electrical properties of a medium voltage overiiead line in a medium 
voltage networic that overcomes at least some of the problems associated with known 
types of monitoring devices. It is a further object of the present invention to provide 
5 a system that can provide data oh the distribution networi^ over a wide 
geographical area In a cost effective way, and a system that will allow for greater 
segmentation of the network. 

Statemfintfi of Invention 

10 

According to the invention, there is provided a monitoring device for monitoring the 
electrical properties of a medium voltage overhead line in a medium voltage networic, 
the monitoring device comprising means to measure the electrical properties of the 
medium voltage line and means to communicate the measured electrical properties 
15 to a control centre computer of the medium voltage networic, characterised in that 

the monitoring device comprises three separate measurement sensors, each 
measurement sensor being adapted for direct and electrically insulated 
connection onto a separate medium voltage overhead line; 

20 

each measurement sensor having means to measure the electrical properties 
of its respective medium voltage overhead line; and 

each measurement sensor having means to communicate with at least one of 
25 the control centre computer and another measurement sensor, at least one of 

the measurement sensors having means to communicate with the control 
centre computer. 

By having such a monitoring device, more accurate and detailed infonnation relating 
30 to the medium voltage overiiead line may be obtained. It is llirthermore seen as an 
efficient device to accurately, monitor the electrical properties of the overiiead line. 

In one embodiment of the invention, the three measurement sensors furtiier comprise 
a master sensor and two slave sensors, each of the slave sensors having means to 
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communicate data to and from the master sensor and the master sensor having 
means to communicate with the control centre computer. This is seen as a useful 
embodiment of the monitoring device as the complexity of the communication 
circuitry is reduced. 

5 

In another emt>odtment of the invention, the master sensor further comprises a 
processor for processing data received from each of the slave sensors before 
transmitting electrical properties data onwards to the control centre computer. In this 
way, the processing of data may be canied out locally, reducing the burden of 
1 0 processing the information at the control centre. 

In a further embodiment of the invention, each measurement sensor has means to 
communicate with the control centre computer. 

15 In another embodiment of the invention, each measurement sensor has a processor 
for processing the measured electrical properties of its respective medium voltage 
overtiead line. In this way, the processing of the information can be earned out in an 
even further distributed manner. 

20 In one embodiment of the invention, there is provided means to synchronise the three 
measurement sensors. This will allow greater accuracy of measurements and 
facilitates the detection of faults in the overhead lines. 

In another embodiment of the invention, each monitoring device has means to draw 
25 operating power directly from the magnetic field of the medium voltage overiiead line. 
It is further envisaged that each measurement sensor has the means to draw 
operating power direcHy from the magnetic field of the medium voltage overtiead line. 
The means to draw operating power directly from the magnetic field of the medium 
voltage overhead line comprises a magnetic field pickHip coil. By drawing operating 
3 0 power direct from the magnetic field of the medium voltage overiiead line, the device 
may be powered directly from the line when cunent is flowing through the line. This 
Is seen as a pardculariy beneficial way of operating each measurement sensor as 
additional power supplies will not have to be provided to power each measurement 
sensor. 



r 
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In a further embodiment of the invention, each measurement sensor has means to 
draw operating power directly from the electric field of the medium voltage 
overhead line. The means to draw operating power directly from the electric field of 
s the medium voltage overhead line comprises foil plates for electric field picicup. In 
this way, operating power may be drawn from the medium voltage overhead lines 
when cunrent is not flowing in the overiiead lines. In this way, when there is a fault 
on the line, the measurement sensor will still be able to report that there is a fault, 
in the absence of operating power being derived from the magnetic field of the 
10 medium voltage overhead line. 

In one embodiment of the invention, each measurement sensor's means to measure 
the electrical properties of its associated medium voltage line further comprises a 
current measurement device. The current measurement device may comprise a 
15 Rogowski coil. Alternatively, the current measurement device comprises a l-lall effect 
device and in one embodiment the cunrent measurement device comprises a cunrent 
transformer constructed from a magnetically soft material. 

In another embodiment of the invention, the current transfomier further comprises 
20 means to draw operating power directly from the magnetic field of the medium 
voltage overhead line. 

In a further embodiment of the invention, each measurement sensor has means to 
measure one or more of the instantaneous cun-ent, (Ic), the peak current, (U), the 
25 root-mean square (RiVlS) current, (Irms). the harmonic content of the current, and the 
phase of the current in its associated medium voltage overhead line. By having the 
capability to measure one or more of these properties, further information relating to 
faults on the line may be derived by the system administrators. A comprehensive 
overview of the network may be obtained. 

30 

In one embodiment of the invention, each measurement sensor has means to 
calculate the phase element of the peak cun^nt using the fbnnula: 



wo 2004/068151 



PCTArE2003/00001S 



- 6 



1 ^ 



In one embodiment of the invention, each measurement sensor has means to 
calculate the quadrature element of the peak current using the fonnula: 

5 

1 ^ 



In another embodiment of the invention, there is provided a monitoring device in 
which any three adjacent measurement sensors may be combined to form arbitrary 
10 triplets to form a monitoring device. In this way, any three adjacent measurement 
sensors may be used to comprise a measurement device. This will allow various 
sections of flie line to be measured at particular times and should one of the 
measurement sensors fail, the surrounding measurement sensors may still operate 
as part of a measurement device. 

15 

In a further embodiment of the invention, each measurement sensor has means to 
filter instantaneous current values and compare the instantaneous current values with 
peak cunrent values for re-striking earth fault detection. Altematively, each 
measurement sensor has means to compare the output of the sine/cosine functional 
20 block on a cycle by cycle basis with averaged values from tine same source for 
detection of re^-striking earth faults. Botii of tiiese are seen as useful ways of aiding 
in the detection of re-striking earth faulte. 

In one embodiment of the invention, one of the measurement sensors has means to 
25 receive the measurements from the otiier two measurement sensors and based on 
the received measurements and its own measured values has means to calculate 
one or more of the instantaneous balance cunent, the zero sequence current, Iq, 
and ttie ground cunent Iq. This will further allow a very comprehensive monitoring of 
the network to be canied out 



30 
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In another embodiment of the invention, the measurement device that has a means 
to receive the measurements from the other two devices further comprises means to 
perfonm one or more of the following operations: 



(g) generate and transmit a status report to the control centre. 

In a further embodiment of the invention^ each measurement sensor is provided with 
a slow discharge high capacitance capacitor to act as a temporary power supply. 
15 This is seen as a uselul way of providing a temporary power supply, should there be 
a failure in the measurement sensors or their overhead lines are unable to provide 
them with sufficient operational power. In this way, communication to the control 
centre may be maintained for a limited period to indicate that a fault is occumng. 

20 In one embodiment of the invention, the means to communicate with the control 
centre computer comprises a radio transmitter/receiver. This is seen as a simple and 
effective way of communicating with the control centre computer. 

In another embodiment of the invention, the three measurement sensors further 
25 comprise a master sensor and two slave sensors, the master sensor having means 
to communicate with the control centre, means to receive measurements from the 
slave sensors and a processor to process the measurements prior to transmission to 
the confrol centre. In this way, a great deal of the computation may be earned out in 
the master sensor and the construction of the two slave sensors may be simplified to 
30 reduce the overall cost of the system. This further reduces the computational 
overhead burden on the control centre computer. 

In a further embodiment of the invention, the monitoring device Is provided with 
means to operate remote switch gear. In this way, ff a monitoring device reports a 



5 



(a) 
(b) 
(c) 
(d) 
(e) 
(f) 



measure the RMS value of Iq. 
measure the amplitude and phase of Iq, 
measure the hamionic content of Ig, 
filter the Iq signal, 

compare Ig to a predetemiined set of thresholds, 
determine the duration of an over-threshold condition and 



10 
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fault at the control centre computer, the control centre computer may instruct the 
monitoring device to operate remote switch gear to close a certain section of the 
network off. 

5 In one embodiment of the invention, the power supply of each of the measurement 
sensors is provided with a low loss full wave rectifier consisting of four transistors. 
This is seen as a useful and efficient way of providing low loss full wave rettifier for 
the circuitry which enables the measurement device to utilise the maximum amount 
of power derived from overhead lines. Furthermore, it is a simple and efficient 
10 rectifier to use, while remaining robust. 

In another embodiment of the invention, each measurement sensor is provided with a 
shunt circuit to control the power being transfen-ed to the measurement sensor. The 
shunt circuit may further comprise an auxiliary winding to fadtitate shunting. 

15 

in a further embodiment of the invention, each measurement sensor samples the 
current flowing in its associated medium voltage line at a predetermined rate and 
there is provided means to synchronise the sampling rate of each of the three 
measurement sensors. In this way, by synchronising the sampling rate of each of the 
20 three measurement sensors, highly accurate measurements may be obtained at 
each position in which there is a measurement de>nce. This will allow for much 
smaller earth faults to be detected and other faults in the system to be detected. This 
greatly enhances the ability of administrators to manage the medium voltage 
overhead line networic 

25 

In one embodiment of the invention, the means to synchronise the sampling rate 
with the other measurement sensors comprises an analogue phase lodged loop 
circuit This is a very simple efficient way of synchronising tiie sampling rate of the 
measurement sensors. Aitemativeiy, the means to synchronise the sampling rate 
30 with tile other measurement sensors could comprise a digitel phase locked loop 
circuit This is also a very effident and accurate way of synchronising tiie sampling 
rate of the measurement sensors. 

In another embodiment, ttie means to synchronise the sampling rate wKh tiie other 
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measurement sensors comprises a radio borne time signal. This is a further simple 
and efficient way of synchronising the sensors. 

In another embodiment of the invention, the means to synchronise the sampling 
5 rate with the other measurement sensors comprises a receiver on each of a pair of 
the measurement sensors to receive a transmitted synchronisation signal from the 
third measurement sensor. 

In a further embodiment of the invention, there is provided a boost regulator to 
10 provide adequate power supply Integrity for circuitry of each measurement sensor. 

In one embodiment of the invention, there is provided a system for monitoring a 
medium voltage networic comprising a plurality of medium voltage overtiead lines, the 
system comprising a control centre computer and a plurality of remote monitoring 

15 devices distributed throughout the medium voltage network, each of the monitoring 
devices having means to measure the electrical properties of a medium voltage 
overiiead line and means to communicate the measured electrical properties to the 
control centre computer characterised in that each monitoring device furifier 
comprises three measurement sensors, each measurement sensor being mounted 

20 on a separate medium voltage overhead line to the other two measurement sensors 
and each measurement sensor having means to measure the electrical properties of 
Its medium voltage line, each measurement sensor has communication means for 
communication with at least one of the control centre computer and another 
measurement sensor, and at least one of the measurement sensors having means to 

25 communicate with the control centre computer. This is seen as a particularty efficient 
system for monitoring a medium voltage overiiead line of a medium voltage networi<. 
The system will allow for highly accurate measurements to be earned out By having 
more accurate measurements of the medium voltage overhead network, minor faults 
may be handled In an efficient manner, thereby Increasing the efficiency of the 

30 networic 

In another embodiment of the invention, there are provided a plurality of Data 
Acquisition Communicators (DACs) Intermediate the control centre computer and the 
plurality of monitoring devices, each Data Acquisition Communicator having a 
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plurality of monitoring devices associated therewith so that electrical properties data 
sent from a monitoring device to the control centre computer is sent to the relevant 
DAC before being transfenred from the relevant DAC to the control centre computer. 
By having a plurality of DACs, processing may be canied out either at the DACs or in 
5 the control centre computer. The signals may be amplified in the DAC and temporary 
storage of the data may be canied out in each DAC. 

In a further embodiment of the invention, one of the measurement sensors further 
comprises a processor for processing the measured electrical signals from all three 
10 measurement sensors before transmitting the processed data to the control centre 
computer. In this way, the processing of the measured electrical signals will be 
carried out at each of the measurement sensors which reduces the computational 
overiiead requirement of the control centre computer or DAC and further enhance the 
efficiency of the system. 

15 

In another embodiment of the invention, the DAC's are further provided with a 
processor to process the electrical properties data, prior to transmitting the data 
onwards to the control centre computer. In this way, the computation may be camed 
out in each of the DACs which will help in simplifying tiie construction of the individual 
2 0 measurement sensors. 

In a further embodiment of tiie invention, electrical properties data is sent from the 
DAC to the control centre computer over a GSM link. This is an inexpensive and 
secure way of sending tiie data to flfie control centre computer. 

25 

In one embodiment of the invention, there are provided repeaters intemiediate a DAC 
and one or more of it's associated monitoring devices to amplify any communications 
to and from tiie DAC and ttie monitoring device. This will help to further reduce ttie 
individual cost of tiie communications units in each of tiie measurement sensors. It is 
30 envisaged that the repeaters may be stored in some of tiie measurement devices 
fliemselves which will save on tiie installation of the repeaters. 

In anotiier embodiment of tiie invention, a monitoring device may act as a repeater 
for another monitoring device in the system. 
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In a further embodiment of the invention, each of the measurement sensors is 
powered directly from the medium voltage line upon which it is mounted. 

5 In a further embodiment of the invention, each measurement sensor has means to 
draw operating power directly from the magnetic field of the medium voltage 
overhead line. 

in one embodiment of the invention, the measurement sensors has means to draw 
10 operating power directly from the electrical field of the medium voKage overhead line. 
By having a system in which the measurement sensors may draw operating power 
directly from the electrical field or the magnetic field of tiie line, each of the 
measurement sensors will not have to be supplied by additional power supplies. This 
will greatiy increase flie operational life of each of tt>e measurement sensors and will 
15 reduce any maintenance work tiiat has to be canied out on tiie sensors. This will 
further increase the cost effectiveness of the system. 

In another embodiment of tiie invention, tiiere is provided a system in which tiie 
measured electrical signals are processed and in which the phase element of the 
2 0 peak cunrent is calculated using tiie fomiula: 

1 ^ 

In a furtiier embodiment of the invention, fliere is provided a system in which flie 
25 measure electrical signals are processed and in which tiie quadrature element of tiie 
peak cunfBnt is calculated using tiie fonnula: 

1 ^ 
^ 0 

30 In one embodiment of ttie invention, ttiere is provided a system In which any ttiree 
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adjacent measurement sensors may be combined to fomn arbitrary triplets to fomi a 
variety of detectors. Ttiis will increase the number of measurements that can be 
carried out on the overhead line and should one of the measurement sensors fail, the 
other two measurement sensors may form part of a different measurement device. 

5 

In one embodiment of the invention, there Is provided a system in which 
instantaneous current values are filtered and compared with typical peak values of 
cunrent and these values are transmitted to the DAC for re-striking earth fault 
detection. AKematively, the output of the sine/cosine functional block is compared on 
10 a cycle by cyde basis with averaged values from the same source and the results of 
the comparison are transmitted to the DAC for detection of re-striking earth faults. 

Detailed Dftftcripfinn nf fhft Invention 

15 The invention will now be more dearty understood from the following description of 
some embodiments thereof given by way of example only with reference to the 
accompanying drawings in which:- 

Fig. 1 is a perspective view of a monitoring device according to the invention; 

20 

Rg. 2 is a block diagram of a monitoring device according to the invention; 

Rg. 3 is a perspective view of a length of medium voltage overhead line 
having a number of monitoring devices distributed thereon; 

25 

Fig. 4 is a perspective view of a length of medium voltage overhead line 
showing an alternative distribution of monitoring devices along the line; 

Rg. 5 is a perspective partially cut-away view of a measurement sensor 
3 0 according to the invention; 

Rg. 6 is a diagrammatic view of a system according to the invention; 

Rg. 7 is a typical view of a user Interface of the control centre computer; 
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Rg. 8 is a view of a user interface of the control centre computer with 
automated switching gear operated by the system; and 

5 Fig. 9 is a circuit schematic of the power supply of each measurement 

sensor. 

Referring now to the drawings and initially to Figs. 1 and 2 thereof Itiere is shown a 
monitoring device for monitoring the electrical properties of a medium voltage 

10 overhead line In a medium voltage network, indicated generally by the reference 
numeral 1, comprising three separate measurement sensors 2a, 2b, 2c, each sensor 
being mounted directly on a separate medium voltage line 3a, 3b, 3c respectively. 
Each of the measurement sensors 2a, 2b, 2c further comprises means to measure 
the electrical properties of its respective medium voltage overhead fine, in this case 

15 provided by a cunnent transformer sensor 4 and a microcontroller 5, and means to 
communicate with at least one of the other measurement sensors, provided by dual 
mode RF transmitter 6. A power current transfonner 7 connected to a power supply 
8 are provided to power each of the Individual measurement sensors 2a, 2b and 2c. 

20 In use, cunrent flowing through an overhead line wlli generate a magnetic field 
surrounding that line. The power current transfomner 7 transforms this magnetic field 
into a voltage. This voltage is sensed by the power supply circuit 8 where it is 
rectified and regulated so that it is suitable for use with the drcuitry of the 
microcontroller 5 and the transmitter receiver 6. Current flowing through the line will 

25 also be sensed by the cunrent transformer sensor 4 and the microcontroller 5 will 
sample the current flowing through the line at a predetemiined rate. The 
instantaneous cunrent, Ic, the peak cunrent Ip, the root mean square current, Irms. the 
harmonic content of the current, and the phase of the cunrent of the associated 
medium voltage overhead line 3 are measured or calculated from measured results. 

30 

Once the appropriate values have been measured two of the measurement sensors, 
in this case 2a and 2c, send their measured values to a master measurement sensor, 
in this case 2b. On receiving ttie measured values from the other tm measurement 
sensors the measured values are passed to the microcontroller 5 of the master 
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measurement sensor 2b where they are combined with the measured values of the 
master measurement sensor to calculate one or more of the Instantaneous balance 
cunrent, Ib, the zero sequence current, lo, and the ground current Iq. The 
microcontroller 5 of the master measurement sensor 2b then performs one or more 
5 tasks of measuring the RMS value of Ig, measuring the amplitude and phase of Iq, 
measuring the hamnonic content of Iq, filtering the Iq signal, comparing Iq to a 
predetermined set of thresholds, determining the duration of an over-threshold 
condition and generating a status report to be transmitted to a control centre (not 
shown) by the RF transmitter receiver 6. 

10 

Figure 3 of the drawings shows a number of monitoring devices distributed along a 
length of medium voltage line (3a, 3b, 3c). A monitoring device comprising a master 
measurement sensor 2b and a pair of slave measurement sensors 2a, 2c are 
positioned at each monitoring point along the lengtti of the medium voltage line (3a, 
15 3b, 3c). The distance chosen, in this case, between adjacent monitoring points is 
approximately 1 kilometre. Data relating to the current in each line will be measured 
and processed at each measurement point before being sent to the control centre 
computer (not shown) via a Data Acquisition Communicator (DAC) (not shown). 

20 Refenring now to Fig. 4 of the drawings, there is shown an alternative distribution of 
the monitoring devices along the medium voltage lines. In this an^ngement, the 
measured line parameters from each of the sensors are transmitted to the DAC unit 
The DAC unit executes calculations on the received data to estimate the overall line 
state including out of balance current and variation of out of balance cun^ent along the 

25 length of the line. In this embodiment, at each monitoring point only one 
measurement sensor of the monitoring device is provided. In this way, a single 
monitoring device Is spread over a greater distance than before. A single measuring 
device (2a, 2b, 2c), is placed at a monitoring point and the measuring device and the 
line upon which it is placed are chosen in strict rotation. Depending on ttie line 

30 conditions and the distribution of branches and loads on the line, various 
combinations of sensors can be used to Implement a measuring device. (2a, 2b, 2c) 
is one combination of sensors that may be used to implement a measuring device, 
whereas (2b, 2c, 2a') is a second combination and, further, (2c, 2a'. 2b') Is a third 
combination. 
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Referring now to Fig. 5 of the drawings there is shown a sectional view of a 
measurement sensor where WkB parts have been given the same reference numerals 
as before. The measurement sensor consists of a cylindrical body portion having a 
5 number of layers and sections contained therein. An inner insulation layer 9 is 
provided to electrically Isolate the measurement sensor fix)m an electric line (not 
shown). Foil plates 11 are provided for electrical field pickup . By having the foil 
plates the electrical field can be used to produce a voltage by capadtively coupling to 
the conductor. This electrical field may be used to provide sufficient power to operate 

10 the radio transmitter receiver 6 to signify to the control centre computer that the line is 
indeed live although no cunent Is flowing in it The voltage signal on the foil plates 
may be used to estimate potential difference between the conductors. The next 
outermost layer comprises a magnetic field pickup coil which acts as the power 
current transformer 7 and provides power to the device when sufficient current is 

15 flowing In the line. Finally, a current sensing coil 4 along with the circuitry for the 
radio transmitter receiver 6 and power supply 8 form the outemiost layers. 

Referring now to Fig. 6 of the drawings there is shown a block diagram of a typical 
medium voltage electrical network incorporating the system according to the 

20 invention. The network comprises a plurality of customers 12 connected to 
substations 14 via medium voltage tines 16. Localised transformers 18 are provided 
on the lines 16. A plurality of monitoring devices 1 are positioned along the lines as 
are a plurality of sectionalising switches 20. There is further provided a Data 
Acquisition Communicator (DAC) 22 in each substation 14 which in turn is connected 

25 to a control centre computer 24. 

In use, the monitoring devices measure the current flowing in the lines in the medium 
voltage networi< to which they are connected. The measured cunrent data is sent 
from one of the measurement sensors (not shown) of each monitoring device to a 
30 DAC 22 in a substation 14 after which it is passed onwards to the control centre 
computer 24 for analysis, if a ^ult has occuned on one of the lines the control centre 
computer can send control Instrudions to the monitoring device that notified the 
control centre of the fault, via the DAC 22, to operate one of the sectionalising 
switches 20. The control instructions may be to open the switch and redirect 
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electricity along a different path in the network. 

Referring now to Figs. 7 and 8 of the drawings there is shown various graphica! user 
interfaces 30, 32 of the control centre computer fonming part of the system. When a 
5 fault occurs along one of the lines the user is shown the district, area, the sut)station 
and the line in which the fault occurred as well as the monitoring device that 
experienced the fault in pop-up boxes 34, 36, 38, 40 and 42 respectively, in Rg. 7 
the value of the cuments on each of the three lines as well as the fault current are 
displayed to the s^tem operator. The operator may then dioose to take action and 

10 send repair personnel to the exact spot in which the fault is occuning. in this way, 
the repair personnel will be able to find the fault in a quid^ and efficient manner in the 
minimum amount of fime. Fig. 8 shows the graphical user interface system when an 
automatic line repair system is in operation. Again the system user is shown the area 
is which the feult has occunned and is also shown the log of actions taken to rectify 

15 the fault in fault notification dialogue box 44. in the example shown fault notification 
dialogue box indicates that there was a fault to ground adjacent monitoring device 
S4. As a result of the fault a substation breaker was tripped and an attempt was 
made to re-close the substation breaker. The substation breaker was tripped again 
and a disconnect A1 was opened to disconnect this section of the line from the 

20 network temporarily until the fault can be repaired so that the remainder of the 
networtc can continue to operate in a normal manner. The breaker was re-closed 
again and power was restored some 35 seconds later. Finally, a repair person was 
notified of the feult from the control centre by alerting their pager. 

25 Refemng now Fig. 9 of the drawings there is shown a circuit schematic of the power 
supply of a measurement sensor. Input power Is derived from a current transfonner 
winding 50. The input power is fed to the transistor network Q1, Q2, Q3 and Q4. 
The transistor network fonms a very low loss full wave rectifier. The voltage on 
winding 50 Is attenr^ating at the mains frequency (50 or 60Hz). Initially the voltage 

30 from winding 50 is such that the voltage on Q3 emitter is positive and the voltage on 
02 emitter is negative. Current flows into the emitter of Q3 which saturates allowing 
the voltage present on the emitter to appear, with a negligible voltage drop, on Q3 
collector. This then feeds the reservoir capacitor CI. Similariy, cun^nt flows out of 
Q2 emitter and, as 02 is in saturation, it passes the emitter voltage to the ooUector. 
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This then forms the return path from the reservoir capacitor C1 . Resistors R1 and R4 
are chosen to allow sufficient base drive to ensure saturation of the transistors. 
When the polarity on winding 50 reverses, transistors Q1 and Q4 become active 
while transistors 02 and Q3 become inactive. OthenA^ise the circuit operation is 
5 Identical to that described above. In this way a rectified DC voltage appears across 
capacitor CI with minimum voltage drops between it and the output of winding 50. 

Because the power supply has to operate over a large line current range the current 
transformer output voltage will be excessively high at the highest line cun-ent for a 

10 set-up that ensures adequate power transfer at the minimum line cun-ents. For this 
reason a shunting circuit is provided that diverts the energy in the cunent transfonner 
away from the power supply. This is done by short-circuiting an auxiliary winding 
when the voltage across capacitor C1 exceeds a certain limit (f the voltage 'seen' by 
comparator U2 pin 3 exceeds the threshold set by resistor R5 and diode D4 then it 

15 will activate MOSFET transistors Q5 and Q6. In this situation winding 52 now 'sees' 
a short consisting of diode D3 and the transistor Q6 in one current direction or diode 
D2 and transistor Q5 in the other. In this way the voltage across capacitor CI is 
limited to a manageable value. Diode 01 provides additional protection against very 
fast power-line transition that the shunting system may not be able to cope with. 

20 

The resulting DC voltege across capacitor CI can vary widely for different line current 
conditions, in the case of the present Implementation it can vary anywhere between 
0.7V and the shunting level of around 4V. Further rsgulation is required to provide 
adequate power supply Integrity for the remainder of the line monitoring unit A boost 
25 regulator, U1, is used for this purpose. This provides a constant 5V across capacitor 
C4. 

It will be understood that synchronisatbn between the units can t>e achieved using 
low power radto transmitter receiver pairs. The master measurement sensor can 
30 transmit a pulse that triggers a sample of the analogue to digital converter In both 
slave measurement sensors. Delays can be introduced to minimise queuing of 
sampling. In this way the sensors can be synchronised locally to a fine time 
tolerance so that accurate calculations can be canied out Furthennore, it will be 
understood that instead of using a magnetically soft material for ttie current sensing 
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coil a Rogowski coil could be used or a Hall effect device could be used to adequate 
effect It may further be possible to use a single transformer for the cunrent sensing 
and for powering the device although this may effect the accuracy of the system. 

5 In order to obtain useful fault infomiatlon from the medium voltage overhead lines, 
the cunrent signal of each line 3a, 3b and 3c is measured before being combined with 
the current signal of the other two lines. This will enable the calculation of the zero 
sequence current, lo. The phase of the current signal of each line is also measured. 
By having phase information, a more accurate analysis of which line is experiencing a 

1 0 fault is achieved. The phase of the zero sequence current may be compared with the 
phase of the zero sequence voltage and whether the two phases are a fixed amount 
out of step with each other, which will indicate whether a line is experiencing a fault 
The zero sequence voltage is measured by applying an open delta transformer to the 
busbar of the substation. The zero sequence voltage data may then be sent to the 

15 DAC or to each of the monitoring devices or wherever the comparison calculations 
are to be canied out For example, if the phase difiierence between the open delta 
voltage and the zero sequence current is below a certain predetermined level, say 
80^ then there is a fault in the line. However, if the phase difference is greater than 
80^ then it is known that the line is operating normally. The fault/no fault phase 

20 relationship is dependent on details of the line feed at the substation and the lumped 
and/or distributed capadtances of the line. Une feed parameters that may vary 
include the presence or absence of a Petersen coil and the values of that coil. 

Having accurate phase information is particulariy important when there is a spur in 
25 the medium voltage network. Previously, using complex techniques in the substation, 
it was possible to determine on which line a fault was occurring. If there was a spur 
present on that line in the networi<, there was no way of determining on which part of 
the line, after the spur, the fault had occurred on. Therefore, a great deal of 
additional funds would be wasted in finding the fault By having phase information, 
30 the fault infonnation will be more accurate in that the individual spur upon which the 
fault Is occuning will be cleariy Indicated. Another advantage of having the three 
measurement sensors mounted directly on the line Is that much more accurate phase 
measurements may be obtained. This, coupled with accurate timing synchronisation, 
enables greater flexibility in the number of calculations fliat can be canied out 
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In order to measure the current accurately the measurement sensor is synchronised 
to the mains frequency. The cunrent signal is then sampled an integral number of 
times per cycle of the mains signal. The samples are multiplied by Sine and Cosine 
5 functions at the mains frequency. The Sine and Cosine producte are integrated over 
an integral number of cycles. From Fourier series theory, the result of the integration 
will be zero for all harmonics in the signal except for this fundamental which will be: 

oo 

10 F(x)= I (Ancos(nWot) + BnSin (nWot) 

n=1 

As random noise does not conflate to the mains cunent, it will appear as a 
perturbation on the numerical integration. If the current is summed over an integral 
15 number of cycles then the noise will be attenuated while the current signal will be 
reinforced. Sine and Cosine function correlation will give the phase and quadrature 
measurements. The polar representations of these signals give amplitude and 
phase. 

20 By measuring the cun-ent at a single frequency, further significant advantages arise. 
The computational overhead on each of the processors is much reduced and the 
noise rejection of the devices is particulariy good. This further facilitates carrying out 
the calculations. A significant amount of filtering of the device is camed out Every 
sample taken is compared to the 50 Hz signal. Noise is filtered out cycle by cycle. 

25 The fluctuations in tine current are conrelated to tiie 50 Hz signal and the line cun-ent 
peak and ground fault peaks are simultaneous which aids detection. 

The current calculations and data pnDcessing will now be described in more detail. 
The measurements obtained by the monitoring devices comprise mainly of the 
30 amplitude and tine phase of tiie fundamental hamnonic of tiie line current This may 
be expressed in simple mathematical notation as follows: 
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I -IO'Sm((OQt+0) 

fi)o=50-2-;r 

0 = phase 

Iq = peak current 



This may also be expressed in complex notation as fbllows:- 



I —~ ! Q " ^ 



where Ip = phase element of the peak current and 

10 \^ s quadrature element of the peak cunrent 

Standard Fourier Series principles may be applied to calculate the values of Ip and Iq. 
The standard complex forni of Fourier Series may be written as> 

15 

0 
T 

Ip=T-''lf(t).cosia>,t) 

0 

T 



/,=7'"'-J/(0.sm(fi?oO 



These integrations are perfomied numerically giving: 
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P 




1 ^ 



5 



where 



N = the number of samples per period 

n " the sample number, and 

f(n) = the analogue to digital converter (ADC) reading. 



By using the above equations, the second and subsequent higher harmonics, over a 
full period, sum to zero. The integration of the product of the random noise and a 
10 sine or cosine function sums to zero, as the number of samples gets larger. The 
number of cycles used will be in the order of 10 to 50 c^les to estimate values for Ip 
and iq. These values may then be sent to the DAC or the control centre computer at 
the end of each integration period. 

15 Re-strildng earth faults are earth faults fliat display a high level of intemnittency, non- 
linearity and time variance. Re-striidng earth faults can have several causes which 
include insulator breakdown and ingress of moisture into cable systems. Earth faults 
of this type can have a short duration, in the order of less than 10 mS, and can occur 
infrequently. The earth feult may be observed on the majority of cycles or only on a 

20 small fraction of cycles. Because of the foregoing, re-strildng earth faults are difRcult 
to detect by conventional means. The sensors described herein use one or more of 
the following techniques to raliably identify recking earth faults:* 

(a) The instantaneous current readings are filtered by recursive or non-recursive 
25 digital filters to reduce noise and improve signal integrity. Where the filtered 



readings exceed the ambient readings by a defined margin, the time is noted 
(cycle count) and an event flag is set The Information is transmitted by the 
sensor to the DAC unit where it is conelated with the other sensor data to 
identiiy that a re-striking fault occunred and determine the location of the fault. 



30 
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(b) The output of the sine/cosine correlation is monitored on a cycle-by-cycle 
basis and where values exceed the ambient level by a defined margin, the 
time is noted (cyde count) and an event flag is set. This information is 
transmitted by the sensor to the DAC unit where it is correlated with the other 



location of the fault. 

Data is communicated on a 10 kHz bi-phase canier. This carrier is harmonically 
locked to the mains frequency using a phase locked loop circuit in the substation 
10 based DAC system. The communications earner, in conjunction with the data 
packet, is used to "lock" the line units In time to the period of the mains voltage: all 
units are therefore synchronized in nonnal operation. This ensures that the relative 
amplitudes of the measured currents: Ip and Iq reflect the phase information of the 
line current. 



The DAC system receives the Ip and Iq signals from all operational sensors. In 
addition the system receives open delta voltage signals. Processing of the data at 
the DAC uses the following algorithms and formulae. 

Sensor currents : - /p/2 

All quantities are complex numbers. 



5 



sensor data to identify that a re-striking fault occurred and determine the 



15 




20 



Mod K^=|KJ 
■/^S Vci. = ^gle of 

Arg = Angle of 
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The above define the available information for each of the monitored lines. The 
fundamenteil DAC fault detection algorithm can be summarized by the following 
pseudo code. This significantly simplifies and reduces the computation overhead. 

5 

{If Mod ^ ZeroSequenceMax 
AND 

ArgMin < Arg 



V ^0 

LineFaulty = True 
Else 

LineFault = False 



< ArgMax} 



In other words, the current from the three line sensors in summed using complex 
10 arithmetic, if a fault condition exists on a line we expect to see an out of balance 
current greater than a defined minimum value. As both healthy and feulty line are 
expected to see nonzero cunrents, the relative phases of the zero sequence current 
and the open delta voltage will be tested. If the relative phase is greater than or 
less than defined limits then that line is faulty. Further, if the relative phases are 
15 outside the defined limits then the line is not faulty even though the zero sequence 
Is non zero. 

Three phase systems typically have several lines being fed from a single transformer, 
lines will typically carry high levels of reactive current and it is necessary to relate 
20 bofli the phase and amplitude of ground cunrents to the voltage developed by open 
delta transformer. 

In one embodiment, the three units may be synchronised. Preferably, the units are 
synchronised off the communication signal The line currente phase and amplitude 
25 are measured in each of the units separately. The slaves then transmit these values 
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periodically to the master unit where the master unit then estimates the amplitude 
and phase of the ground cun-ent By using this method corhputation overhead on the 
master measurement sensor will be reduced arid it will allow for an efficient 
processing of the information. 

5 

it will be understood that although in the embodiments described, there is provided 
a master measurement sensor 2b receiving measurement data from a pair of slave 
measurement sensors 2a and 2c, each sensor could in essence be a master 
measurement sensor in that it would have the capability to communicate with the 

10 control centre computer or with the DAC. Processing of the measurement data 
could then be canied out in the DAC or control centre computer. Each sensor 
could further receive infonmation from adjacent sensors and generate accurate 
measurement data for that section of the medium voltage line. This is particulariy 
the case in the embodiment in which a monitoring device is spread out over a fixed 

15 distance. Any one of the measurement sensors 2a, 2b and 2c could be provided 
with the capability to communicate directly with the DAC or control centre computer 
and to cany out the processing on the measurement data of each of the 
measurement sensors. By having the monitoring device spread out over this 
distance, up to 80-90% of the performance of the system having a master and two 

20 slave measurement sensors at each monitoring point, is achievable. This may be 
sufficient for the requirement of the electricity provider. The slight reduction in 
performance will be due to less accurate time synchronisation, as well as a 
difference in the capacitive loading between the two monitoring points. A loss of a 
few . milliamps may also occur between adjacent sensors but this does not 

25 significantly affect the ability of the monitoring device to recognise a fault condition. 
Areas such as open ground beside motonA/ays would not need the most detailed 
resolution and 80-90% accuracy would be sufficient for their needs. 

In the embodiment shown, the repair personnel were alerted using a pager and it will 
30 be understood that various other methods of altering the repair personnel such as by 
GSM network could be used. Furthermore, in the embodiment described it wll be 
understood that each measurement unit will be electrically isolated from the overhead 
medium voltage line and therefore will be relatively simple to install on a line. Various 
different measurements can be tal<en from the overhead medium voltage lines by the 
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addition of further measurement equipment. These could easily be incorporated into 
the measurement sensors. 

In the embodiment described, foil plates 11 were used for electric field pickup to 
5 power the device when no current is flowing in the electric cables. These foil plates 
11 may also be used to measure the voltage In the lines. The foil plates will yield 
very low power levels and, as an alternative to the foil plates, a super cap device, a 
rechargeable battery or a solar panel or battery may be used to power the device 
when no cunrent is flowing in the electric cables. The exact oonstmcticn of 
10 measurement sensor could, of course, be varied by altering the position of each of 
the layers or sect'ions. 

Furthemiore, in each embodiment, the measurement sensor Is described as sending 
data to the control centre. It will be understood that this data will, in many cases, 

15 travel via a DAC and on a number of repeater units to amplify the signal. It is not 
absolutely necessary for the measurement unit to be in direct communication link with 
the control centre computer and any number of repeater units or other monitoring 
devices could t>e used to repeat the signal en route to the control centre computer. 
The position of each monitoring device/measurement sensor may be obtained. 

20 using standard GPS systems, when initially setting up Vtxe device. This may then in 
turn be used in whole or In part as the address of that particular unit as it will be 
unique to tiiat unit This will further help In directing engineers to particular faults in 
that GPS co-ordinates of a sensor could be given in remote areas which would 
facilitate furUier the ability of the service personnel to determine ttie location of a 

25 fault. 

In tills specification tiie tenns "comprise, comprises, comprised and comprising" and 
the ternns "include, includes, Included and including" are deemed to be totally 
interchangeable and should be afforded tiie widest possible interpretation. 

30 

The invention is in no way limited to tiie embodiment hereinbefore described but may 
be limited in botii construction and detail witiiin tiie scope of flie claims. 
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CLAUflS 

1. A monitoring device (1) for monitoring the electrical properties of a medium 
voltage overhead line (3) In a medium voltage networtc, the monitoring device 

5 comprising means to measure the electrical properties of the medium voltage 

line and means to communicate the measured electrical properties to a 
control centre computer of the medium voltage networic, characterised in that 

the monitoring device comprises three separate measurement sensors (2a, 
^0 2b, 2c), each measurement sensor being adapted for direct and electrically 

insulated connection onto a separate medium voltage overtiead line (3a, 3b, 
3c): 

each measurement sensor teving means to measure (4) the electrical 
15 properties of Its respective medium voltage overhead line; and 

each measurement sensor having means to communicate (6) with at . least 
one of the control centre computer and another measurement sensor, at least 
one of the measurement sensors having means to communicate with the 

2 0 control centre computer. 

2. A monitoring device (1) as claimed in claim 1. in which the three 
measurement sensors further comprise a master sensor and two slave 
sensors, each of the slave sensors having means to communicate data to 

25 and from the master sensor and the master sensor having means to 

communicate with the control centre computer. 

3. A monitoring device (1) as claimed in claim 2, in which the master sensor 
further comprises a processor (5) for processing data received from each of 

3 0 the slave sensors before transmitting electrical properties data onwards to the 

control centre computer. 

4. A monitoring device as claimed in claim 1, in which each measurement 
sensor (2a, 2b, 2c) has means to communicate with the control centre 
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cx)mputer. 

5. A monitoring device (1) as claimed in any preceding claim, in wliidi each 
measurement sensor has a processor for processing the measured electrical 

5 properties of its respective medium voltage overhead line. 

6. A monitoring device (1) as claimed in any preceding claim, in which there is 
provided means to synchronise the three measurement sensors (2a, 2b, 2c). 

10 7. A monitoring device (1) as claimed in any preceding daim, in which each 
monitoring device has means to draw operating power directly from the 
magnetic field of the medium voltage overhead line. 

8. A monitoring device (1) as claimed In daim 7 in which each measurement 
15 sensor has the means to draw operating power directly from the magnetic 

field of tiie medium voHage overiiead line. 

9. A monitoring device (1) as claimed in daim 8 in which the means to draw 
operating power directly from the magnetic field of the medium voltage 

2 0 overhead line comprises a magnetic field pick up coil. 

10. A monitoring device (1) as daimed in daim 7 in which each measurement 
sensor has means to draw operating power direcUy from the electric field of 
the medium voltage overhead line. 

25 

11. A monitoring device (1) as claimed in claim 10 in which the means to draw 
operating power directly from the electric field of tiie medium voltage 
overhead line comprises foil plates for electric field pickup. 

30 12. A monitoring device (1) as daimed in any preceding daim in which each 
measurement sensor's means to measure the electrical properties of its 
associated medium voltage line furtiier comprises a current measurement 
device. 
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14. 

5 

15. 

10 

16. 



15 17. 



20 

18. 



A monitoring device (1) as claimed in claim 12 in which the current 
measurement device comprises a Rogo\/vsid coil. 

A monitoring device (1) as claimed in claim 12 in which the cun-ent 
measurement device comprises a Hall effect device. 

A monitoring device (1) as claimed in claim 12 in which the current 

measurement device comprises a cunrent transfonner constructed from a 
magnetically soft material. 

A monitoring device (1) as claimed in claim 15 in which the current 
transformer further comprises means to draw operating power directly from 
the magnetic field of the medium voltage overhead line. 

A monitoring device (1) as claimed in any preceding claim in which each 
measurement sensor has means to measure one or more of the 
instantaneous cunrent, (Ic), the peak current, {\p^ the root-mean square 
(RMS) cunrent, (Irms), the harmonic content of the cunrent, and the phase of 
the current in its associated medium voltage overhead line. 

A monitoring de^ce (1) as claimed in daim 17, in which each measurement 
sensor has means to calculate the phase element of the peal< current using 
the formula: 




19. 



A monitoring device (1) as claimed in claim 17 or 18, in which each 
measurement sensor has means to calculate the quadrature element of the 
peak cument using the formula: 
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1 ^ 

Jy 0 



20. A monitoring device (1) as claimed in any preceding daim, in which any three 
adjacent measurement sensors may be combined to form arbitrary triplets to 

5 form a monitoring device. 

21. A monitoring de>^ce (1) as claimed in any of claims 17 to 20, in which each 
measurement sensor has means to filter instantaneous cunnent values and 
compare the instentaneous current values with peak current values for re- 

1 0 striking earth favXt detection. 

22. A monitoring device (1) as claimed in any of claims 17 to 20 in which each 
measurement sensor has means to compare the output of the sine/cosine 
functional block on a cycle by <yc\B basis with averaged values from the same 

15 source for detection of re-stnldng earth faults. 

23. A monitoring device (1) as claimed in claim 17 in which one of the 
measurement sensors has means to receive the measurements from the 
other two measurement sensors and based on the received measurements 
and its own measured values has means to calculate one or more of the 

20 instantaneous balance cunrent, Ib, the zero sequence cunrent, lo, and the 

ground cunrent Iq. 

24. A monitoring device (1) as claimed in claim 23 in which the measurement 
device that has a means to receive the measurements from the other two 

25 devices iurther comprises means to perfomi one or more of the following 

operations: 

(a) measure the FMS value of Ig> 

(b) measure ttie amplitude and phase of Iq, 
3 0 (c) measure the hamnonic content of Iq, 

(d) filter the Iq signal, 

(e) compare lo to a predetemnined set of thresholds, 
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(f) determine the duration of an over-threshold condition and 

(g) generate and transmit a status report to the control centre. 

25. A monitoring device (1) as claimed in any preceding dalm in which each 
5 measurement sensor Is provided with a slow discharge high capacitance 

capacitor to act as a temporary power supply. 

26. A monitoring device (1) as claimed in any preceding dalm in which the means 
to communicate with the control centre computer comprises a radio 
transmitter/receiver. 

10 

27. A monitoring device (1) as claimed in any preceding daim in which the three 
measurement sensors further comprise a master sensor and two slave 
sensors, the master sensor having means to communicate with the control 
centre, means to receive measurements from the slave sensors and a 

15 processor to process the measurements prior to transmission to the control 

centre. 

28. A monitoring device (1) as daimed in any preceding daim in which the 
monitoring device is provided with means to operate remote switch gear. 

20 

29. A monitoring device (1) as daimed in any of daims 7 to 28 in which the power 
supply of each of the measurement sensors is provided with a low loss full 
wave rectifier consisting of four transistors. 

25 30. A monitoring device (1) as claimed in any of claims 7 to 29 in which each 
measurement sensor Is provided with a shunt drcuit to control the power 
being transferred to the measurement sensor. 

31. A monitoring device (1) as claimed In daim 30 in which the shunt drcuit 
3 0 further comprises an auxiliary winding to facilitate shunting. 



32. 



A monitoring device (1) as daimed In any preceding daim In which each 
measurement sensor samples the cunrent flowing In its associated medium 
voltage line at a predetennined rate and there is proyided means to 
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synchronise the sampling rate of each of the three measurement sensors. 

33. A monitoring device (1) as claimed in daim 32 in which the means to 
synchronise the sampling rate with the other measurement sensors 

5 comprises an analogue phase lodged loop circuit 

34. A monitoring device (1) as claimed in daim 32 in which the means to 
synchronise the sampling rate with the other measurement sensors 
comprises a digital phase locked loop circuit. 

10 

35. A monitoring device (1) as daimed in daim 32 in which the means to 
synchronise the sampling rate with the other measurement sensors 
comprises a radio t>ome time signal. 

15 36. A monitoring device (1) as claimed in daim 32 in whidi the means to 
synchronise the sampling rate with the other measurement sensors 
comprises a receiver on each of a pair of the measurement sensors to 
receive a transmitted synchronisation signal from the third measurement 
sensor. 

20 

37. A monitoring device (1) as claimed In any of daims 7 to 36 in which there is 
provided a boost regulator to provide adequate power supply integrity for 
circuitry of each measurement sensor. 

25 38. A system for monitoring a medium voltage network comprising a plurality of 
medium voltage overhead lines, the system comprising a control centre 
computer (24) and a plurality of remote monitoring devices (1) distributed 
throughout the medium voltage networi<, each of the monitoring devices 
haN^ng means to measure the electrical properties of a medium voltage 

30 overhead line and means to communicate the measured electrical properties 

to the control centre computer characterised in that each monitoring device 
further comprises three measurement sensors (2a, 2b, 2c), each 
measurement sensor being mounted on a separate medium voltage 
overhead line (3a. 3b, 3c) to the other two measurement sensors and each 
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measurement sensor having means to measure the electrical properties of its 
medium voltage line, each measurement sensor has communication means 
for communication with at least one of the control centre computer (24) and 
another measurement sensor, and at least one of the measurement sensors 
5 having means to communicate with the control centre computer. 

39. A system as claimed in claim 38 in which there are provided a plurality of 
Data Acquisition Communicators (DACs) (22) Intemnediate the control centre 
computer and the plurality of monitoring devices, each Data Acquisition 
10 Communicator having a plurality of monitoring devices associated therewith 

so that electrical properties data sent from a monitoring device to the control 
centre computer is sent to the relevant DAC (22) before being transferred 
from the relevant DAC to the control centre computer. 

15 40. A system as claimed in daim 38 or 39 in which one of the measurement 
sensors further comprises a processor for processing the measured electrical 
signals from all three measurement sensors before transmitting the 
processed data to the control centre computer. 



20 41. 



A system as claimed in daim 39, in which the DACs are further provided with 
a processor to process the electrical properttes date, prior to transmitting the 
date onwanls to the control centre computer. 



42. A system as claimed in claim 39 in which electrical properties date is sent 

2 5 from the DAC to the control centre computer over a GSiVl link. 

43. A system as claimed In any of daims 39 to 42 in which there are provided 
repeaters intermediate a DAC and one or more of if s assodated monitoring 
devices to amplify any communications to and from the DAC and the 

3 0 monitoring device. 



44. 



A system as daimed in daim 43 in whidi a monitoring device may act as a 
repeater for another monitoring device in the system. 
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45. A system as claimed in any of claims 38 to 44 in which each of the 
measurement sensors is powered directly frqrw the medium voltage line upon 
which it is mounted. 

5 46. A system as claimed in daim 45 in which each measurement sensor has 
means to draw operating power directly from the magnetic field of the medium 
voltage overhead line. 

47. ..A system as claimed in daim 45 or 46 in which the measurement sensors has 
1 0 means to draw operating power directly from the electrical field of the medium 

voltage overhead line. 

48. A system as claimed in any of daims 38 to 47 in which the measured 
electrical signals are processed and in which the phase element of the peak 

15 current is calculated using the fbnfnula: 



1 ^ 



49. A system as daimed in any of daims 38 to 48, in which the measured 
20 eiectrical signals are processed and in which the quadrature element of the 

peak cunnent is calculated using the formula: 



1 ^ 



25 50. A system as claimed in any of claims 38 to 49, in which any three adjacent 
measurement sensors may be combined to fomn arbitrary triplets to fbmn a 
variety of detectors. . 



51. 

30 



A system as claimed in any of daims 38 to 50, in which instantaneous cunnent 
values are filtered and compared with typical peak values of current and these 
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values are transmitted to the DAC for re-striking earth fault detection. 

52. A system as claimed In any of claims 38 to 50, in which the output of the 
sine/coslne functional block is compared on a cycle by cyde basis with 
5 averaged values from the same source and the results of the comparison are 

transmitted to the DAC for detection of re-strildng earth faults. 



wo 2004/068151 



PCT/IE2003/000015 




wo 2004/068151 



PCT/1E2003/000015 




wo 2004/068151 



PCT/rE2003/000015 



3/5 




wo 2004/068151 



PCT/IE2003/000015 



4/5 



34 



36 



30 



District 



7 



38 
40 
42 



O 

S1 



Area 



Area 



i South Sweden ^ Stockholm 



Phase R 



Substation 



Upplands Vasbyi^l Phase S 



Line 



A 11 



Phase T 



Sensor 



S3 V Phase! 



O 
S2 



S3 



S4 



24.4 |v| Amps 



28.6 |v| Amps 



26.2 1^1 Amps 



1.1 



Amps 




S5 



Fig. 7 



34 



36 



32 



44 



District 



7 



Area 



South Sweden 



38 
40 
42 



O 



SI saw fault 



z 



Stockholm 



Substation 



Upplands Vasbyr 



Line 



A 11 



Sensor 



S4 



S2 saw fault I 

— o— ^ 



Fault Notification 



Type: fault to ground 

Occured: 21:35:10 13/10/02 

Result: Substation breaker trip 

Action 1: Substation breaker reclose 

Action 2: Substation breaker trip 

Action 3: Open disconnect A1 

Action 4: Reclose breaker 

Action 5: Power restored 21:35.45 

13/10/02 

Action 6: Notified pager no:23 



S4 saw fault 



1 



O 



S6 no fault 

— o— 



S3 saw fault S5 no fault 



Fig. 8 



wo 2004/068151 



PCT/iE2003/000015 




INTERNATIONAL SEARCH REPORT 



International leatlon No 

PCT/IE 03/00015 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G01R15/14 



According to International Patent aasslffcallon (IPC) or to both nallonal dasslflcalion and IPG 



B. FIELDS SEARCHED 



Mlninuim documentation searctied (dasslflcalion system foHowBd by classification symbols) 

IPC 7 GOIR 



Documentation seardied other than minimum documentation to the extent that such documents are included In the fields searched 



Electronic data base consulted during the Intematlonal search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ, INSPEC, IBM-TDB 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* Citation of document with Indication, where appropriate, of the relevant passages 



Relevanl to daim No. 



us 4 829 298 A (FERNANDES ROOSEVELT A) 
9 May 1989 (1989-05-09) 



abstract; figures lA, IB, 3, 4, 7, 8 

column 1, line 32-42 

column 1, line 49-53 

column. 2, line 29-54 

column 3, line 42 -column 4, line 63 

column 5, line 11-23 

column 6, line 36-47 

column 7, line 31-60 

column 8, line 6-23 

column 8, line 50 -column 9, line 45 



1,4-9, 
12,13, 
15-20, 
26,28, 
29.32, 
35, 

38-41, 
45,46, 
48-50 



j(| Furtherdocuments are listed in the contlmjatlon of box 0. 



Patent family members are listed In annex. 



* Spedal categories of dted documents : 

'A' document deflnfrig the general state of the art which Is not 

oonstdeied to be of particular relevance 
'E' earfler document but published on or after the intematlonai 

fOlngdate 

'L* document which may throw doubts on priority dalm(8) or 
which Is cited to establish the pubDcallon date of another 
citation or other special reason (as specified) 

'0* document refening to an oral dtsdosute, use, exhlbUon or 
other means 

*P* document published prior to the tntematlonal ffiing dale but 
later than the priority date claimed 



T* later docunnent published after the intematlonal filing date 
or priority date and not In confllci with the application but 
dted to understand the prindple or theoiy underiying the 
Invention 

')C document of particular televance; the clabned Invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document is taken alone 

'V document of particular relevance; the claimed Invention 
cannot be considered to invoWe an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person sidlled 
bi the ait 

'&* document member of the same patent family 



Date of the actual complelbn of the international search 



9 October 2003 



Date of mamng of the intematlonal search repoit 



20/10/2003 



Name and mailing address of the IS A 

European Patent Office, P.a 5818 Patentlaan 2 
NL>2280HVRilsWiiic 
TeL (+31-70) 340-2040, Tx. 31 651 epo nl, 

Fax: (+31-70) 340-3016 



Authorited offioer 



Popovici , M 



Foim PCT/ISA/210 (Booond sheet) (July 1882) 



INTERNATIONAL SEARCH REPORT 



International Icatlon No 

PCT/IE 03/00015 



C.(ConUnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy * CRatton of document, with lndfcatlon,%vhere approprtate, of the relavant passages 



Relevant to claim No. 



FR 2 671 635 A (SOULE SA) 
17 July 1992 (1992-07-17) 



abstract; figures 3,4 

page 2, line 7-18 

page 3, line 5-23 

page 4, line 6-20 

page 5, line 5 -page 6, line 21 

page 8, line 30-35 

US 5 565 783 A (LAU KEN ET AL) 
15 October 1996 (1996-10-15) 



abstract; figures l-4B,8A,aB,9,10 
column 3, line 10 -column 4, line 6 
column 5, line 23 -column 6, line 15 
column 7, line 10-24 
column 8, line 5-16 
column 10, line 13-21 

WO 95 29553 A (FOSTER MILLER INC) 
2 November 1995 (1995-11-02) 



the whole document 

ENGELHARDT J S ET AL: "Design, 
Installation, and field experience with an 
overhead transmission dynamic line rating 
system" 

TRANSMISSION AND DISTRIBUTION CONFERENCE, 
1996. PROCEEDINGS. , 1996 IEEE LOS ANGELES, 
CA, USA 15-20 SEPT. 1996, NEW YORK, NY, 
USA, IEEE, US. 

15 September 1996 (19%-09-15), pages 
366-370, XP010195371 
ISBN: 0-7803-3522-8 
the whole document 



1,4-9, 
12. 

15-17, 
20,26, 
28,29, 
32-35. 
38-41. 
45,46,50 



1,4,5. 

7-9,12, 

13,16, 

17.25. 

26,28. 

29,38, 

41.45. 

46,50 



1,4-17, 

20.26, 

38 

45-47,50 



1,4,5, 
12,38.42 



Fonn PCT/lSA/210 (oanUnustfon of eeaartdehom) (JuJy 1992) 



INTERNATIONAL SEARCH REPORT 

Inlormmlon on |>atent family members 



International 



leation No 



PCT/IE 03/00015 



Patent document 


Publication 




Patent family 


Publication 


dted in search report 


date 




member(s) 


date 


US 4829298 A 


09-05-1989 


lie 


4/uy3o9 A 


OA i 1 1 007 

24-11-190/ 




us 


4689752 A 


op AO 1AA7 

25-08-1987 




AT 

AT 


A Anne T 

4«»09b T 


lb-0o-19o9 




AT 

AT 


29075 T 


15-09-198/ 




A T 

AT 


04659 T 


1 C A"7 1 nfM 

15-07-1991 




A T" 

AT 


67037 T 


1 n AO "I A A 1 

15-09-1991 




AT 


^ A Ml ^ TP 

64471 T 


1 C* A^ 1 AO 1 

15-06-1991 




CA 


1258094 C 


H no 1 AAA 

01-08-1989 




A A 

CA 


1251260 Al 


■1 A AO 1 AAA 

14-03-1989 




A 

CA 


1258094 A2 


f\<t AO AAA 

01-08-1989 




CA 


1258095 A2 


04 AO •« OOO 

01-08-1989 




f* A 

CA 


1258096 A2 


O^ AO 1 AAA 

01-08-1989 




CA 


1258097 A2 


O OO 4 OOO 

01-08-1989 




CA 


1258098 Al 


O 4 OO *t OOO 

01-08-1989 




DE 


3465522 Dl 


O M AO 1 00*T 

24-09-1987 




DE 


3478717 Dl 


20-07-1989 




DE 


3484715 Dl 


•t O 0*T 4 004 

18-07-1991 






DE 


3484739 Dl 


or* A*T 4 OO-I 

25-07-1991 




DE 


3485028 Dl 


4 A A 1 AA1 

10-10-1991 




EP 


0125050 Al 


^ il ^1 1 AO il 

14-11-1984 




EP 


0125796 Al 


21-11-1984 




EP 


0218220 A2 


t r~ A A 1 AAT 

15-04-1987 




EP 


0218221 A2 


•1 r A A 1 A ATf 

15-04-1987 




EP 


Aoinooo AO 

0218222 A2 


•1 ^ A A "1 AA"T 

15-04-1987 




EP 


0218223 A2 


■11^ A A 1 00*T 

15-04-1987 




EP 


o o <i n o o ii AO 

0218224 A2 


It? A A 1 An*v 

15-04-1987 




EP 


oo'tnoor AO 

0218225 A2 


4 A A 4 OO^ 

15-04-1987 




JP 


1058739 B 


"to V O 4 OOO 

13-12-1989 




JP 


1575264 C 


O A O -4 AAA 

24-08-1990 




JP 


60043035 A 


OT OO 4 oor* 

07-03-1985 




JP 


60046417 A 


4 O AO 4 AO 

13-03-1985 




JP 


1050304 B 


OT 4 A 4 AAO 

27-10-1989 




JP 


1566025 C 


25-06-1990 




JP 


^0<1 ■< ArOf A 

63114536 A 


1 ^ A ^ 4 A A O 

19-05-1988 




JP 


1050305 B 


AT 4 A 4 AAO 

27-10-1989 




JP 


1566026 C 


or ■! OOO 

25-06-1990 




JP 


63121437 A 


or* A 1^ "(OOO 

25-05-1988 




JP 


1050306 B 


OT 4 O 4 OOO 

27-10-1989 




in 
JP 


1566027 C 


OP A /~ 4 AAA 

25-06-1990 




JP 


63133844 A 


A ^ O^ 4 OOO 

06-06-1988 




JP 


1050307 B 


A T 4 O 4 AAA 

27-10-1989 




JP 


1566028 C 


or A /" 4 AAA 

25-06-1990 




JP 


63114537 A 


4 A Ar* 4 AAA 

19-05-1988 




US 


4799005 A 


■f ^ A4 4 nA/\ 

17-01-1989 




US 


47/7381 A 


11-10-1988 




US 


4794327 A 


27-12-1988 




US 


4796027 A 


03-01-1989 




US 


4855671 A 


08-08-1989 




US 


4635055 A 


06-01-1987 




US 


4808917 A 


28-02-1989 



FR 2671635 


A 


17-07-1992 


FR 


2671635 Al 


17-07-1992 


US 5565783 


A 


15-10-1996 


US 


5550476 A 


27-08-1996 








AU 


3730095 A 


19-04-1996 








EP 


0783703 Al 


16-07-1997 








WO 


9610189 Al 


04-04-1996 



Fomi PCTASA/&10 (patent lamlV amax) guly 19Se) 



tl INTERNATIONAL SEARCH REPORT 

Information on patent family members 



International ilcatlon No 

PCT/IE 03/00015 



Patent document 


Publication 




Patent fainlly 


Publication 


cited In search report 


date 




memt)er(8) 


date 


WO 9529553 A 


02-11-1995 


AU 


684945 B2 


08-01-1998 






AU 


2361795 A 


16-11-1995 






CA 


2188305 Al 


02-11-1995 






EP 


0757870 Al 


12-02-1997 






JP 


3071220 B2 


31-07-2000 






JP 


9508702 T 


02-09-1997 






JP 


2000171492 A 


23-06-2000 






KR 


250515 Bl 


01-04-2000 






WO 


9529553 Al 


02-11-1995 






US 


5892430 A 


06-04-1999 



Foim PCTyiSA/210 OatentfamiV afiiex) (JuV 199Z) 



